The study attempts to identify the potential routes of bacterial infection via consumption of raw vegetables, drinking water and vegetable-related water in Ho Chi Minh City (HCMC). Vegetables in the markets and restaurants had higher total coliforms and E. coli counts than the vegetables at the vegetable cultivation fields. In search of the potential contamination sources, it was found that vegetables are washed in nearby canals after harvesting. Those canals are contaminated with human and animal excreta, which in turn may contaminate the vegetables. At the markets, although the tap water was found to be free of microbes, contaminated and non-contaminated vegetables are mixed and washed in the same bowl, which may bring about further spreading of infectious bacteria. The results of this study suggested that an integrated countermeasure that incorporates reducing microbial contamination of canals, raising the awareness of microbial infection among the local farmers and wholesalers, and providing enough clean water to the food markets should be implemented to reduce the incidence of food-borne illness in HCMC.
INTRODUCTION
Raw fruits and vegetables have been known to serve as vehicles of human disease for more than a century. which is equivalent to an annual increasing rate of 3.06%.
Total vegetable productivity has also increased at a rate of 8.88% per year between 1998 -2003, which corresponds to an increase from 5.24 to 8.18 million tons per year (RIFAV 2004) . Vegetable production has also significantly increased because the agricultural practice has become more intensive, which requires more fertilizers, including manure, animal compost or inorganic fertilizers, to be sprayed in the agricultural fields.
In developing countries, continued use of untreated waste water and manure as fertilizers for the production of vegetables is a major contributing factor to bacterial contamination that causes numerous food-borne disease outbreaks (Beuchat 1998) . E. coli thrives in the intestines of humans and animals. Its particular strain, E.coli O157:H7, causes serious illness among people (Feng et al. 2002 ) and significant economic loss (Frenzen & Drake 2005) . Vietnam doi: 10.2166/wst.2008.435 has high mortality amongst children younger than 5 years old, i.e. 42.2 deaths per 1,000 capita per year, of which 15% is related to diarrhea disease (Doan et al. 2003) . There are about 200 serious cases of bacterial infection per year in HCMC hospitals (Lien 2006) . Hong (2007) reported that more than 97% of 104 raw vegetable samples collected in 13 food markets in Ho Chi Minh City (HCMC) were contaminated by either worm larvae, Entamoeba histolytica or Escherichia coli (E. coli), with their contamination rates of 78.8%, 65.4% or 50%, respectively. Another survey con- 
MATERIALS AND METHODS

Measurement procedures
The surfaces of vegetable samples were wiped with a sterile glass wool to capture microorganisms, which were subsequently eluted by vigorously shaking the glass wool for more than 15 seconds in a 15 mL of 0.05 N glycine-0.14N NaCl solution (pH 7.5). The eluate was then diluted to appropriate concentration for the enumeration by filtering through an Analysis Monitor (0.45mm pore size; Millipore) using the m-ColiBlue24 culture broth (Millipore). The weight of each vegetable was measured by a digital balance to calculate the number of bacteria per unit weight of the vegetable, i.e. CFU/g. This eluate was also used to indentify the human enteric viruses such as NV-G1, NV-G2, AdV, EV and HAV, and the virus recovery of this method varied from 6.8% to 68% depending on core or leaf samples (Kitajima et al 2006) . The wiping method was selected to make detachment of microbes from folder leaves more efficient, and because the glass wool wiping method was used to trap the viruses in many studies (Menut et al. 1993; Vivier et al. 2004; Lambertini et al. 2008 ) Meanwhile, no pre-treatment was done with water samples before measuring the bacterial indicators. After 24-hour incubation at 378C, E. coli was counted as the number of the blue colonies, whereas TC was enumerated as the sum of the blue and red colonies.
RESULTS AND DISCUSSION
Bacterial contamination of raw vegetables Less E. coli and TC were found on the vegetables at restaurants and 37% of the samples were negative for E. coli, indicating that these bacteria could be removed in part by washing vegetables with clean water. However, even on the ready-to-eat vegetables, the quantity of E. coli or TC was quite high. TC counts varied from 2 log to 5 log/g, which is 100 times higher than the acceptable maximum number of TC in fresh vegetable, 3 log CFU/g; and 10,000 times higher than TC limitation of clean and safety vegetables recommended by the Vietnamese Ministry of Health. As for the two vegetable species, i.e. mint (Ocium tenuiflorum L.) and salad (Lactuca sativa L.), salad had higher contamination rates of TC and E. coli than mint because salad has broader leaves and open leaf structure, which gives a higher chance of contact with bacteria. 
Bacterial contamination of vegetable-related water and
Saigon River Figure 3 shows the bacterial indicators detected in the various water samples. It is notable that the suburban canal waters were contaminated with TC almost to the same levels as in the drainage canals in the city center. About 80% of suburban canal water was positive for E. coli. Only 20% of suburban canal water met the Vietnamese standard of TC for irrigation water, i.e.100 CFU/mL, while ca. 40% of samples contained 10 times higher concentration than 100 CFU/mL.
Although groundwaters used for irrigation were also contaminated with TC, only one groundwater sample contained E. coli. The groundwater and suburban canal waters were commonly used for irrigating or washing vegetable before shipping to the market. Because it was found that these waters are contaminated with bacteria, irrigating and washing vegetables could increase the risk of bacterial contamination on vegetables. While 100% and 60% of vegetable wash water at food markets was contaminated with TC and E. coli., the Vietnamese Standard of TC as 5,000 MPN per 100 mL for river waters for drinking water supply (TCVN 5942-1995) . In the lower section between 8 and 55 km, TC was always high due to high population density and industrial development.
Risk analysis of bacterial contamination of raw vegetables
Although fresh product is considered to have a lower risk compared to foods of animal origin, the risk of food-borne illnesses from fresh produce is real (Beuchat 1996) .
However, it is difficult to determine the exact source of contamination of human pathogens on fresh product/raw vegetables because at any point throughout production, harvesting, and handling, because the disease-causing microorganisms can come in contact with products by various means. In addition, the lack of data and information, e.g. the information on the relationship between the quantity of biological agents and the frequency and magnitude of adverse human health effects, makes accurate risk assessment more difficult.
Consequently, in the developing countries, health authorities want to know where intervention should be placed to reduce the health risks for consumers related to bacterial contamination. Thus, it was estimated that the vegetables were 
